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分子结构极为特殊蛋白质，它不仅具有在 pH 3.0~10、 70 ℃ 高温以及高盐等




（apoPPF）亚基解聚与重组的过程和规律。发现当反应介质的 pH 提升到 13.0 
时，apoPPF 迅速解离成游离的亚基；当中和反应介质时，已解离的亚基又能重
新组装成铁蛋白。利用这一特性，构建了纳米顺铂核-猪胰铁蛋白（nanometer 
CDDP core-PPF，NCC-PPF），并研究了其基本的理化性质，发现 NCC-PPF 的
紫外光谱、CD 光谱和电镜形态与 apoPPF 极为相似；但两者的荧光光谱有所差
异，280 nm 激发下，其最大发射波长红移了约 20 nm。采用电感耦合等离子体
质谱（ICP-MS）技术分析，发现每分子 apoPPF 可储存 11.26 个顺铂分子，构
成  NCC-PPF。MTT、流式细胞术和蛋白质组学技术被应用于进一步检测 
NCC-PPF 和 CDDP 对 BGC 823 胃癌细胞凋亡的影响，以探讨这两种不同的给
药途径诱导 BGC 823 细胞凋亡的差异性和起因。MTT 的实验结果指出：相同 
CDDP 含量和相同且较短时间（如 24 h）内，NCC-PPF 对胃癌的细胞毒性要低
于游离的 CDDP，其主要原因 NCC-PPF 具有缓释 CDDP 功能，在相同的作用

















组凋亡细胞数量增加明显。同样说明包装在 NCC-PPF 的 CDDP 存在一个缓慢
释放的过程，随着时间的增加，其诱导细胞凋亡的能力才逐步发挥出来。选用蛋




解酶，过氧化物还原酶 2 和肌动蛋白 β 亚基为代表的 8 个蛋白，表达趋势一
致；而以磷酸甘油酸变位酶为代表的 4 个蛋白表达趋势不同。肿瘤细胞表达的
多数差异蛋白趋势相同，少量蛋白存在差异，说明 NCC-PPF 和 CDDP 诱导胃
癌细胞凋亡途径与主要机制很可能相同。选择 Real-time PCR 技术进一步验证这
些差异蛋白质。总共 12 个被验证的差异蛋白中，有 10 符合度较好，说明差异






















Cancer is one of the major diseases which seriously threat human health. Lots of 
governments and research institutions have been put a lot of effort into researching 
new anti-tumor drugs, investigating the mechanism of tumorigenesis and developing 
clinical treatment technologies, and have obtained a large number of significant 
achievements. Especially in terms of anticancer drugs, it has developed a variety of 
highly active anti-cancer drugs, and successfully applied in clinical treatment. 
However, in currently, the anti-cancer drugs exist problems of high toxicity, low 
efficacy and strong side effects. Development of new anti-tumor drugs is still a hot 
area of medicine and one of the major challenge issues. Nano-drug is a kind of 
emerging drug which is considered having broad prospect of application because of 
its possibility of increasing drug stability, controlling release, creating new route of 
administration and reducing of side effects. Ferritin is a special kind of protein which 
can tolerate pH 3-10, 70 ℃ high temperature, high salt and other harsh environments. 
Ferritin has the unique cavity whose diameter can reach to 10 nm which is suitable for 
building nanometer medicine core ferritin. And ferritin can be applied for Nano-drug 
carriers and delivering drugs.  
In this research, the pig pancrease ferritin (PPF) was used as materials. 
Transmission electron microscopy (TEM), circular dichroism (CD) spectrometry and 
fluorescence spectrometry was used to explore the weak alkalinity pH influencing the 
disassociation and recombination of the subunits of apoPPF, firstly. It was found that 
when pH reach to 13, the subunits of apoPPF could disassociate, and then the subunits 
could re-aggregated after reduce the pH to neutral. The weak alkalinity disassociation 
and recombination method was used to construct nanometer CDDP core-PPF， 
(NCC-PPF). And the common characteristics of it have been investigated. The 
UV-spectrometry, CD spectrometry and morphology under TEM is similar to apoPPF; 
but the fluorescence spectrometry is a little different to apoPPF, the λmax of emission 















CDDP which encapsuled in ferriitn, and it was calculated that one apoPPF can 
encapsule 11.26 CDDP. MTT colorimetry, Flow cytometry and proteomic techniques 
were applied to detect the influence of NCC-PPF and CDDP on BGC823 gastric 
cancer cell apoptosis in order to investigate the possible different pathway of inducing 
apoptosis by these two different administration. The results of MTT indicated that the 
cytotoxicity of NCC-PPF is weaker than free CDDP under the same CDDP 
concentration and during a short time as 24 h. It is mainly because the release of 
CDDP encapsulated in NCC-PPF is slow-release. The quantity of active CDDP 
release by NCC-PPF is lesser than free CDDP. However, The NCC-PPF could 
constantly release CDDP and so the inhibition rate increased with time. The results of 
flow cytometry are similar to MTT, the apoptosis rate of gastric cancer cells increase 
significantly with time treated by NCC-PPF. It is also indicated that the process of 
CDDP release in NCC-PPF is slow-release. 19 differentially proteins expressed by 
BGC823 cells treated by NCC-PPF and CDDP were detected by the two dimensional 
electrophoresis (2-D), and indentified by PMT (peptide mass fingerprint). These 
proteins can be classified in 6 groups including regulation of apoptosis, RNA 
transcription, oxidative stress, signal transduction, cell metabolism and cytoskeleton 
changes. 8 proteins represented by lactoylglutathione lyase, Peroxiredoxin-2 and β 
actin expressed consistent; 4 proteins represented by phosphoglycerate mutase 
expressed differently. These results may inspire that the main mechanism of inducing 
apoptosis between these two administrations is similar but at the same time exist 
minor difference mechanisms. Finally, the Real-time PCR was used to inspect and 
confirm the differentially expressed proteins revealed by proteomics research. 10 of 
12 proteins inspected by Real-time PCR are consistent well with 2-D results which 
indicated that the results of differentially expressed proteins are credible. This 
research will contribute to investigation the molecular mechanisms of NCC-PPF and 
CDDP inducing gastric cancer apoptosis in vivo. 
 
Key words: pig pancrease ferritin (PPF); nanometer CDDP core-PPF, (NCC-PPF); 
































成，如图 1 B 所示。结构相对比较简单。蛋白质壳从亚基构成上来说通常是由 24 
个亚基按一定的排列方式组合而成。少数铁蛋白则由 12 个亚基构成[7]。铁蛋白


















图 1 铁蛋白结构 




型的亚基，即 H、L 和 M 亚基[9,10]。例如,细菌铁蛋白( bacteriaL ferritin)和鲨鱼
肝铁蛋白( liver ferritin of shark, SLF)均由单类型亚基组成[11,12]。而哺乳动物铁蛋
白蛋白壳多由 H 和 L 两种类型亚基组成[13]。细菌铁蛋白的一大特征是其含有







图 2 铁蛋白的三种隧道模式图 






















图 3 铁蛋白与机体内铁代谢 







Fe2+ + H2O2 → Fe3+ + OH− + OH•                           (1)  
Fe3+ + O-2 → Fe2+ + O2                                                      (2) 
O-2 + H2O2 → O2 + OH− + OH•                                            (3) 
Fenton反应可以产生大量的以 OH• 为主的自由基。而 OH• 可以通过电子转
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